Abstract. The chemokine CXCL12, also known as stromal cell-derived factor-1 (SDF-1), is a small protein that regulates leukocyte trafficking and is variably expressed in a number of normal and cancer tissues. CXCL12 as ligand and its receptor CXCR4 have been implicated in colorectal cancer (CRC) progression including angiogenesis and metastasis. A CXCL12 gene variant CXCL12-A (CXCL12-G801A, a single nucleotide polymorphism in the 3' untranslated region) is associated with increased susceptibility to breast cancer. Based on the suggested role of CXCL12 in the pathogenesis of cancer we examined the association of the gene variant CXCL12-A with CRC. The polymorphism was analysed with PCR and RFLP methods. Furthermore, the plasma CXCL12 levels from patients with CRC were also examined. There was no significant difference in genotype distribution and allelic frequencies between CRC patients (n=151) and controls (n=141). On the other hand, we found that the carrying rate of allele CXCL12-A was higher in colon cancer patients compared with rectal cancer patients (P=0.017). Analyses by ELISA showed that CRC patients (n=63) had a lower CXCL12 plasma level compared with controls (P<0.0001). Moreover, patients with tumours classified as Dukes' stage B and C revealed lower levels than patients with tumours in Dukes' stage A. Further studies with larger samples of patients are necessary to determine whether the CXCL12 polymorphism and plasma level reflect the clinical outcome of CRC and have an impact on CRC progression.
Introduction
Chemokines (chemotactic cytokines), a subset of small proteins (8) (9) (10) (11) that regulate leukocyte trafficking (1) , are variably expressed in a number of normal and cancer tissues and provide the directional stimulus for the movement of macrophage and lymphocyte infiltration which effects local immunity (2, 3) . Tumour-associated leukocytes play an important antitumourigenic role but have also been shown to contribute to the growth and spread of malignancy by inducing angiogenesis and by controlling tumour cell migration (2, 4) .
It has been suggested that chemokines promote and regulate neoplastic progression including metastasis and angiogenesis (5, 6) . The chemokines CCL2, CCL4, CXCL1, CXCL5 and CXCL8 have been shown to be more highly expressed in colon carcinoma compared with normal paired tissue (7) , and the expression level of CX 3 C chemokine was found to be an essential biomarker for predicting the prognosis of patients with colorectal cancer (CRC) (8) . To note, single nucleotide polymorphism in CXCL8 is associated with a reduced risk of CRC (9) .
The chemokine CXCL12, also known as stromal cellderived factor-1 (SDF-1), and its unique receptor CXCR4, have been implicated in cancer metastasis of many different neoplasms where the CXCL12/CXCR4 pathway is able to activate a plethora of phenomena such as chemotaxis, proliferation and angiogenesis (3, 5, 6 ). These phenomena have been shown in prostate (10), lung (11), ovarian (12), pancreatic (13) , breast (14) , gastric (15) and colorectal (16, 17) cancer.
In the gastrointestinal tract the intestinal mucosa regulates the trafficking of leukocytes into and out of the lamina propria adjacent to the epithelium. This may reflect the production of chemokines by the intestinal epithelium (18, 19) . Both CXCR4 and CXCL12 are normally expressed in the intestinal epithelium (17, 18, 20) but in CRC epithelium CXCR4 is overexpressed while CXCL12 seems to be partially or irregularly expressed as shown by immunohistochemical and RT-PCR analysis (16, 17) . Fibroblasts are a common source of CXCL12, and bone marrow, the liver and lungs are organs with abundant CXCL12 expression (5,17,21). These organs represent common sites of metastases in many cancers (5) . It is likely that CRC metastases, which are found predominantly in these organs, may in part depend on CXCL12/CXCR4 interaction leading to the invasion of CXCR4-expressing CRC cells.
Furthermore, CXCL12 is a costimulator for CD4 + T-cells (22) , and it has been suggested that a CXCL12 gene variant, abbreviated CXCL12-A, is associated with delayed progression of AIDS, early onset of type 1 diabetes and increased susceptibility to breast cancer (23) (24) (25) . This allele is a single nucleotide polymorphism in the 3' untranslated region and is also designated CXCL12-3'UTR-G801A.
Based on the suggested role of CXCL12 in the pathogenesis of certain diseases we examined the association of the CXCL12 gene variant CXCL12-A with CRC. In the search for tumour markers we also intended to determine whether the plasma levels of CXCL12 in CRC patients correlated with clinical characteristics. The blood-control subjects (n=141) were selected (>50 years old) from a group of ~1200 patients from southeastern Sweden undergoing diversified blood analysis at Ryhov County Hospital. They were collected during a 2-day period. Generally about 600 blood samples arrive at this hospital daily. The controls consisted of 76 males and 65 females, and the mean age was 70 years with a range of 50-103 years. All blood samples were from individuals of Swedish caucasian origin.
Materials and methods

Patients
Plasma samples and ELISA. Sixty-three of the CRC patients were available for plasma collection. This group comprised 34 males and 29 females, and the mean age was 68 years (range 29-89). The patient tumours were categorized according to Dukes' classification; stage A (n=15), stage B (n=26) and stage C (n=22). Thirty-three tumours were located in the rectum and 30 in the colon. Venous blood was collected before surgery and separated by centrifugation for 1 h. Plasma was removed and stored at -70˚C until assayed.
In order to determine the CXCL12 plasma level among healthy individuals, 78 controls were selected from volunteer blood donors at Ryhov County Hospital. The mean age was 60 (range, 55-67 years) years and included 41 males and 37 females. All plasma from the patients and control subjects were stored at -70˚C until CXCL12 protein was measured using an established commercially available enzyme-linked immunosorbent (ELISA) kit (R&D Systems Europe, UK) following the manufacturer's instructions. The plasma CXCL12 protein concentration was expressed as picograms per millilitre (pg/ml).
CXCL12 genotyping. All blood was stored frozen until DNA was extracted using a QIAamp DNA blood mini kit (Qiagen, CA, USA). The genotype of CXCL12 was identified by polymerase chain reaction (PCR). The region containing the polymorphic site CXCL12-3'UTR-G801A was amplified with primers which have been described previously (25). 5'-CAGTCAACCTGGGCAAAGCC-3' and 5'-AGCTTTGG TCCTGAGAGTCC-3' were used as forward and backward primers, respectively, and were synthesized commercially (TIB Molbiol, Berlin, Germany). PCR conditions were as follows: 25 μl reaction volume containing 50-100 ng genomic DNA, 0.5 μM of each primer, 1.5 mM MgCl 2 , 100 μM of each dNTP (Promega, Madison, WI, USA), 0.6 units Taq polymerase (Amersham Pharmacia Biotech, UK) and reaction buffer 10 mM Tris-HCl, pH 8.3, 25 mM KCl. All of the PCR products were controlled for the presence of amplifiable DNA by electrophoresis in 2% agarose gel and visualized with ethidium bromide and UV light.
After denaturation at 95˚C for 5 min, the DNA was subsequently amplified for 35 cycles at 95˚C for 30 sec, followed by annealing at 58˚C for 30 sec, extension at 72˚C and a final extension at 72˚C for 10 min. The resulting PCR product was used for restriction fragment length polymorphism (RFLP). A 10 μl volume of the PCR reaction Table I . Distribution of genotypes in % of CXCL12 polymorphism in CRC patients and control subjects.
CRC patients vs control subjects, P=0.938. Statistical analysis. Differences in CXCL12 plasma level between the patients and control subjects were examined by the Mann-Whitney U test. Differences in the frequencies of the CXCL12 gene polymorphism between CRC patients and the control group and between clinical data within the CRC subgroup were analyzed using the Chi-square test. Statistical analysis was performed using the SPSS for Windows computer package (rel. 11.5, 2002, SPSS Inc., Chicago, IL). Results were considered significant at a level of P<0.05.
Results
CXCL12 polymorphism.
In order to examine the association of the CXCL12 gene variants with CRC, PCR products were cleaved and analysed. A typical agarose gel after the separation of PCR products is shown in Fig. 1 , and a genotypic distribution of CXCL12 alleles after RFLP analysis is represented in Fig. 2 . There was no significant difference in genotype distribution between CRC patients and control subjects (Table I ) or in allelic frequencies (Table II) . However, when subdividing the patients in groups, colon (n=76) versus rectum (n=75) (Table III) , we found a significant difference regarding allele distribution (P=0.018). When assessing this difference we found a carrying rate of allele A to 34.7% (26/75) in rectal cancer compared with 53.9% (41/76) in colon cancer patients. This difference was significant (P=0.017) with an OR=0.45 (95% CI, 0.22-0.92). The genotype and allelic distributions in CRC patients were not significantly different with respect to Dukes' stage, gender and age (data not shown).
Plasma levels of CXCL12. To search for tumour markers, the plasma levels of CXCL12 were measured in CRC patients and in healthy controls. The CXCL12 plasma concentrations were significantly (P<0.0001) lower in CRC patients [n=63, median 1597 (range 242-3197) pg/ml] than in controls [n=78, median 2109 (range 1177-3572) pg/ml] (Fig. 3) . With regard to the disease stage, the CRC patients were divided into Table II . Allelic frequencies in % of CXCL12 polymorphism in CRC patients and control subjects. ------------------------------------------------ CRC patients vs control subjects, P=0.743.
- ----------------------------------------------- Table III . CXCL12 genotype and allele numbers in CRC patients. subgroups according to Dukes' stages. Significantly lower CXCL12 plasma concentrations were noted in Dukes' stages B and C (both medians 1575 pg/ml, P<0.0001 and P=0.0003, respectively) when compared with controls (Fig. 3) . No difference was observed between patients in Dukes' stage A and controls. The plasma levels of CXCL12 from CRC patients were not related to age, gender, location or any CXCL12 allele/genotype investigated in this study (data not shown).
Discussion
Chemokines are chemotactic cytokines that regulate the trafficking of leukocytes. Some chemokines play an important role in lymphocyte homing and localization in the intestine. For example, the chemokine CCL25 is solely expressed in epithelial cells within the small intestine and has specificity for CCR9 + lymphocytes which affect intestinal mucosal immunity (26) . The chemokine CXCL8 has been shown to be more highly expressed in colon carcinoma compared with normal paired mucosa, and a gene variant is associated with a reduced risk of CRC (7, 9) .
In the current study we attempted to determine whether an association exists between the CXCL12 gene variant CXCL12-A and CRC. The data in this report showed that the genotype distribution and allelic frequencies were not significantly associated with CRC compared with controls. On the other hand when subdividing the patients in groups of colon and rectum cancer we found that the carrying rate of allele A was significantly higher in colon cancer compared with rectal cancer.
The influence of CXCL12 genotype CXCL12-A on CRC progression remains open as long as the functional importance of CXCL12-3'UTR-G801A in the expression of the CXCL12 transcript and protein are unknown. CRC must be seen as a disease with a polygenic background where oncogenes and tumour suppressor genes and signalling pathways participate (27, 28) . Little is known about the crosstalk between these pathways and CXCL12/CXCR4 signalling. It has been reported that there may be a difference in the carcinogenesis of CRC based on the tumour location (29) . Hypothetically a different mechanism may be involved in the pathogenesis of cancer in the colon versus the rectum depending partly on the allele CXCL12-A and thus modify the colorectal carcino-genesis. The influence of the CXCL12 gene polymorphism may contribute differentially between colon and rectal cancer in mediating tumour progression, angiogenesis, metastasis and leukocyte migration.
Circulating levels of the chemokine CXCL8 in CRC patients have previously been reported (30) . The serum level of CXCL8 was noted to be significantly higher in CRC patients compared with a normal healthy group and was higher in patients with liver metastasis than in those without liver metastasis. In a search for tumour markers we find particular reason to study the levels of CXCL12 in plasma from CRC patients.
Using ELISA we noted that CXCL12 levels in healthy controls were in accordance with results from another documented healthy patient group (31) . Our study also demonstrated that the levels of plasma CXCL12 in CRC patients were significantly lower than in controls, and that this difference seems to increase with a higher Dukes' stage. Extended research is required to confirm this circumstance based on additional clinical cases. It is plausible that the decreased CXCL12 plasma level in CRC patients reflects a higher degree of ligand/receptor (CXCL12/CXCR4) interactions depending on a higher expression of the CXCR4 receptor in colorectal cancerous tissue compared with normal tissue (16, 17, 32) . Moreover, earlier studies (32) (33) (34) have noted a trend showing higher CXCR4 expression with higher stages of CRC which may explain the decreased CXCL12 plasma levels in our study. However, the mechanism for the involvement of CXCL12/CXCR4 in CRC remains to be elucidated. Further studies are needed to evaluate whether the CXCL12 polymorphism affects colorectal carcinogenesis and if the plasma level of CXCL12 reflects the disease status of CRC. The results presented in this study conclude one step of a forthcoming study on tumour markers in CRC in our laboratory.
